The origin of life may have been a low probability event that involved both RNA and polypeptides. While such an event would occur with low probability, the probability is not too low in the context of the number of nucleation opportunities on the primitive Earth. The probability for the nucleation event is too small if needed components occur as frequently as disruptive components do, without specific interactions between the two classes. However, if many of the needed components contribute by inhibiting otherwise disruptive components, a high probability for a complex nucleation as the beginning of life event emerges.
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The problem of finding an explanation for the transition from inanimate matter to life is a significant challenge for science. The simplest living matter we know is already complex. For example, the bacterium E. coli is one of the simplest autonomous living organisms, and it has 4,288 genes. These genes are transcribed to produce essential ribosomal RNA, transfer RNA and thousands of messenger RNA molecules that are translated to produce thousands of proteins. In light of the complexity of life as we know it, the idea that it could have started as an improbable nucleation event involving both replication and translation of RNA, and going suddenly from non-living to living matter, is not usually considered. We here present a model that supports such a complex nucleation event as the origin of life. The envisaged nucleation event involves both "plan" molecules in the form of nucleic acid, and polypeptides that are "tools" encoded in the nucleic acid.
We present a calculation of how complex a nucleation event could be in the context of the time and space available on the primitive Earth. We begin by estimating the number of opportunities there were for the nucleation event. This is the product of (a) the number of time elements between the formation of the earth and the time of the earliest fossils, and (b) the number of volume elements, for example in the oceans. It is the logarithm of this product that is important, and the level of complexity of the nucleation event is surprisingly insensitive to the exact assumptions regarding the sizes of the time and volume elements. We envisage life starting at one place and one time, in a volume element that contained a number of needed components, in the absence of a number  of components that would be disruptive. We calculate this joint probability for a volume element of optimal size. In our model the joint probability is a function of only and  .
We consider for example a volume element ΔV the size of a eukaryotic cell of size 10 x 10 x 10 cubic microns, that is, 10 -15 m 3 . This is for illustration only; this may not be the optimal volume element size. We further consider the case that the nucleation event occurred in the 
and for the example given,  is approximately 2 x 10 43 .
If p is the probability that any one of N random shapes present in a volume element has a catalytic activity, the probability P that the volume element contains one or more of each of  needed components and none of any of  disruptive components is given by
As increases, P passes through a sharp maximum, denoted max P , located at 0 dP dN  , the magnitude of which is independent of p , and is a function of only  and  . For a volume element that is not too big and not too small, but just right for given values of  and  , we
For the origin of life to be a probable event in the context of this model we need the product of max P (a very small number) and  (a very large number) to be greater than 1.
For this model to be applicable we need volume elements of the optimal size. This is most readily the case if the nucleation event does not involve boundaries that would be an additional (4) and for max P  > 1 with  = 2 x 10 43 we obtain  < 72. Most biochemists would however agree that 72 catalytic activities are too few for a functioning living entity.
We obtain much larger values of max P if we break the symmetry between  and  . This leads to the possibility of a much more complex nucleation event. Specifically, we consider the case that  , and rationalize this version of the model by including among the  needed components activities that inhibit disruptive components. The inhibition can be at the level of nucleic acid-nucleic acid interactions, polypeptide-polypeptide interactions and polypeptidenucleic acid interactions. Most of the disruptive activities present can then be inhibited, and it turns out that the number of needed components consistent with the time and space available can be surprisingly large.
Nucleic acid-nucleic acid inhibitory interactions exist in present day organisms as RNA interference 2 , including in the forms of microRNA 3 and small interfering RNA 4 . RNA-RNA inhibitory activity may also include specific ribonuclease activities exerted by ribozymes. Most significantly, this model provides a role for long non-coding RNAs (lncRNAs), the function of which has been a mystery 5 These RNAs are a highly conserved through evolution. One lncRNA has a structure that looks like 16S RNA, a highly conserved molecular machine.
Inhibitory polypeptide-polypeptide interactions could include blocking of catalytic sites and specific proteolysis of undesired polypeptides. Inhibitory polypeptide-nucleic acid interactions could include RNA sequence-specific ribonuclease activity and polypeptide-specific peptidase activity exerted by ribozymes.
The final approximation holds because for   , we can drop all but the first term in the 
Continuing to approximate the final factor, we have
because   permits us to drop the second term within the exponential. From the last line in equation (5), we have
Hence we see that while Most significantly, this theory suggests new experiments that would enable it to be either disproven or developed in greater quantitative detail. For example, a racemic mixture of prebiotic molecules in a suitable abiotic catalytically noisy environment such as an aqueous suspension of ash is expected to be able to produce local asymmetry that can be detected optically. In small experiments a detector that scans a sample for the presence of such local asymmetry could be constructed. A suitable volume could be scanned for localized production of various metabolites, for example the production of particular amino acids or nucleotides. The production of more complex metabolites from less complex metabolites may be detected. This could include for example scanning the sample for the production of ATP from suitable precursors. It may be possible to detect and quantitate the production of polynucleotides from oligonucleotides and the replication of polynucleotides. The detection of functioning ribosomelike particles starting from an incomplete set of ribosome components may be possible. Eigen called this idea a "minus one" experiment. 7 Networks are a recurring theme in biology. In addition to gene and protein networks this includes the immune system network and neural networks. Counterintuitively, life may have begun as a complex network.
